THE inquiry that we are about to describe arose out of the hope that some light might be thrown on the aetiology of cardiac infections in man if such similar lesions as occur in the lower animals were re-examined from the human point of view. A question addressed to the President of this Section resulted in the collection of material by one of us (G. E. HI.) which has been examined by us, with results that we shall describe. First, however, we may briefly outline what is generally known about the disease called swine erysipelas and its endocardial complications.
The disease is caused by infection of swine with the Bacillus rhusiopathi.e suis, an organism which we do not propose to describe. It is thought to enter the body of its host by way of the alimentary canal. In this country it is more often sporadic than epidemic, though it may assume the characters of an epizootic, as in the Chatteris outbreak of 1905. On the Continent epidemics are frequent.
It is usually a disease of half-grown or adult pigs, and is characterized by high fever, with red or purple patches on the skin, from which the disease gets its name. These are often more or less diamond-shaped, and tend to become confluent, sometimes covering a considerable portion of the body. Internal heemorrhages are seen on the mucous membranes. The disease usually takes one of two forms. In the first place there is high fever, complete loss of appetite, disinclination to move, discoloration of the skin, appearing after the first or second day, constipation, and frequently a painful swelling of one or more of the neck-and knee-joints, with lameness. These symptoms are followed either by death, usually within forty-eight hours, or by complete recovery within a few days; or the infection may assume a chronic type.
In the second form the primary symptoms are not so marked. The discoloration of the skin is usually but not always present, and not so widespread in its distribution; yet there is the same likelihood of the chronic condition developing.
In this chronic phase the pig regains its appetite and apparently recovers. After a time it develops a persistent cough with quick breathing (especially if it is made to take exercise), a disinclination to move, and visible evidences of cardiac disease. These symptoms become worse, until at the end of two or three months from the onset of the disease the pig dies or is destroyed. Post-mortem examination reveals the presence of cauliflower-like masses on the cardiac valves, usually on those on the left side, but sometimes on both. Occasionally these growths have become so enormous as almost completely to occlude the auriculo-ventricular opening.
It is worthy of note that these masses take an appreciable time to develop, and though their presence may be suspected in a pig with continued unthriftiness following an attack of erysipelas a precise diagnosis is rarely feasible until the pig is extremely ill or, what is more probable, until a post-mortem examination is made.
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The history of the pigs from which were taken the specimens examined by us is briefly as follows:
(1) Two valuable Gloucestershire Old Spot hilts about five mnonths old, belonging to a well-known breeder, were found lying together and disinclined to move. Both had high fever (107°F. to 108' F.), but showed none of the characteristic skin markings. These however, appeared on the following day. The owner was informed of the nature of the disease and of its possible sequele. However, when they were next seen about a week later, one had completely recovered, whilst the other showed signs of lameness and swelling in one hock. Ten weeks after the first visit one of us (G. E. H.) was called in again, and found one of them refusing food, almost unable to rise alnd showing frequent short respirations with cough. There had been considerable deterioration in condition since the first visit. A diagnosis of verrucose endocarditis was offered, and slaughter advised. The heart showed no obvious hypertrophy of its walls nor dilatation of its chambers. The pericardiunm was glossy and normal. The whole of the endocardium was extensively infected; firinly attached and well-organized thrombi were found on both sides, on all the valves, and on the mural endocardium. The distribution was chiefly left-sided and valvular, the left auriculo-ventricular opening being almost occluded. The vegetations were yellowish-pink and firmly welded to the heart wall; none were softened; all were approximately the same age. This heart was examined microscopically by taking a series of blocks including the musculature of all four chambers and the conducting tissue, and several blocks of the mitral and aortic valves. Even microscopically the lesions proved to be entirely endocardial, the mnyocardium being only involved superficially where the fibrosis at the base of attachment of a large vegetation had penetrated into it. All the vegetations were well organized and little fibrin remained unabsorbed even in the largest. Their surfaces showed obvious colonization under a thin, superficial layer of necrotic fibrin. The colonies of bacilli were dense and strictly confined to the surface; here and there the depths of the valve were penetrated by a few small bacterial imiasses, but in no case was the myocardium reached. The greatly increased cellularity of the valve and its extensive vascularization were very striking (see fig. 5 , p. 19).
(2) A cross-bred, large white hilt, which was in farrow and due in a week or two, had been ill for several days. Slight red markings were seen and a diagnosis of swine erysipelas was nade. The owner stated, a few days later, that it had quite recovered, and had farrowed. When the young pigs were about six weeks old, however, it had to be seen again, as it had become very poor in health and was not feeding. It was found to show signs of heart disease, and as it did not seem likely to live mnany days, slaughter was advised. The heart was found to show changes similar to those of the first heart, except that the lesions were probably a few weeks older. The vegetations were imlore deformed by contraction of fibrous tissue, which was more copious, and the number of bacterial masses on their surface was much less.
(3) This pig died suddenly, the owner stating that he had never noticed any signs of ill-health. The heart showed the lesion in an early stage, mnore suitable for microscopic study. The lesions were small, soft and localized to the aortic and mitral valves. As in the preceding cases, they were all approximately the same age. Photomicrographs of sections of this animal's mlitral valve are shown (figs. 3 and 4, pp. 18, 19). We have little doubt from a study of this early case that the endocardial lesions of the disease ate due to thrombus-formation over masses of bacteria deposited on the surface of the endocardium out of the blood.
The early vegetations in this case were very heavily colonized and separated from the inyocardium only by the relatively little-altered valve, yet the muscle was free from bacilli and inflammatory cells.
(4) Another heart, kindly sent to us by Captain Brand, M.R.C.V.S., showed a stage intermediate between the two more chronic types and the early cases. It was that of a large Yorkshire sow of fifteen months, farrowed nine weeks before death and found dead, not having shown any sign of illness. The vegetations in this case were almost entirely valvular, reddish and easily detached. There was no sign of pericarditis. A thoracic gland from the same animal grew a pure culture of the bacillus. No microscopic examination was made in this case.
(5) Captain Brand also provided us with the heart of a female cross-bred large white, aged 8 months. This anim-ial had been ill fourteen days with interrupted breathing; two others of the same litter had been infected but recovered. This animal had never shown skin lesions.
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The bacillus was isolated from the spleen. The heart, which was not examined microscopically, showed subacute endocarditis strictly limited to the mitral valve. The vegetations were very large, fairly easily detached and all of the same age. They almost completely occluded the auriculo-ventricular opening.
The endocardial lesions themselves resemble very closely those seen in the various types of ulcerative endocarditis in man. In the pig the vegetations are larger (figs. 1, 2, pp. 17, 18), show a greater tendency to infect the mural endocardium in the later stage, and the colonization of the surfaces of the valves and endocardium is heavier. In man lesions of this degree and severity are usually accompanied by gross changes in other organs, and the absence of these changes in the pig signifies a considerable degree of general tissue immunitv to the infection.
It seems likely that the valvular endocardium is first attacked, as in the early cases the thrombi were almost entirely valvular. That the mural endocardium is infected soon after the valves is probable, as in the chronic stage there was no apparent difference in the degree of organization of the mural and valvular deposits. The striking absence of myocardial and pericardial change found in all the specimens examined confirms the view that the lesions are of the implantation type.
Our main purpose in seeking for knowledge of the cardiac infections of lower animals was to find something that might throw light on the etiology of cardiac rheumatism in man. The first glance at these hearts of pigs, however, showed that we were dealing with lesions quite different from those of rheumatic carditis as we understand that term. We reserve it for that disease which begins principally in childhood and runs a course of ten to thirty years, punctuated by acute exacerbations which tend to become less frequent as time passes on. The infecting organism is thought to be a streptococcus, the affinities of which are chiefly with those which inhabit the normal alimentary tract of man. The characteristic anatomical change is a carditis, that is, a reaction which is diffused equally and simultaneously through all parts of the cardiac wall, attacking muscle always, valves nearly always, and pericardium more often than not. This general distribution and the relation of the lesions to the blood-vessels in the cardiac wall prove that the infective agent reaches its goal through the coronary arteries, i.e., through the vessels which supply blood to the heart itself. The resultant lesions are productive rather than destructive. The endocardial inflammation begins in the depth of the valves and spreads to the surface, where it produces a uniform fringe of tiny vegetations near the free edge of the cusp. The ultimate change is a thickening and deformity of the valve, which greatly detracts from the mechanical efficiency of the heart. This is quite a different picture from that of the heart under discussion, which reminded us vividly of two other conditions. The first, that of ulcerative endocarditis in man, rarely attains so gross a degree of change as is seen in the pig heart, yet it is obviously of the same nature. The ulcerative endocarditis of man owes its origin to a variety of organisms; the streptococci, non-hiemolytic as well as haemolytic, the pneumococcus and the gonococcus, between them accounting for nearly all cases. As a result of infection of a valve by one or other of these, the endocardial surface becomes necrotic, and on the resulting ulcer fibrin is piled up, masses of organisms colonizing the zone in which valve and fibrin are fused with each other. These masses vary greatly in volume with the nature of the infection; the hamolytic streptococci, for example, grow lavishly, wbile the non-hbmolytic strains may be so scanty that it is impossible to find them, even after cultivation of the vegetations. In all degrees of the disease the endocardial lesions quite overshadow those of the myocardium, which are but occasional and, so to speak, accidental.
Even more like these lesions of swine erysipelas are those seen in the hearts of a certain percentage of rabbits that have been inoculated with non-hmmolytic streptococci. In these the vegetations are usually large, sometimes filling up the cardiac cavities in a way very like that of the lesions of the pig hearts. Microscopical examination bears out this analogy. Both in the erysipelatous endocarditis and in that of the inoculated rabbits two findings are obvious. In the first place, the endocardial lesions are accompanied by widespread and massive implantation and colonization of the infecting organisms in the areas of endothelial necrosis. Secondly, the cardiac muscle is not much damaged; such damage as it does suffer is secondary to that of the endocardium, whence it reaches the muscle either by embolism or by direct extension. In both erysipelatous endocarditis and in the experimental rabbit lesion we may be sure, from this supremacy of the endocardial lesions, and from the way in which bacteria swarm on the endocardial surface (although they are almost absent from the deeper parts of the heart), that the infective agent is implanted on the lining of the cardiac chambers by the circulating blood as it is passing through the heart. The lesions of human ulcerative endocarditis, also, are so similar to those of the two kinds of animal disease that we cannot doubt that they arise in a similar way, i.e., by implantation of the causal bacteria on the endocardial surfaces. (We do not deny that some kinds of human ulcerative endocarditis may prove to be exceptions, but this does not alter the rule.) It may therefore be stated as a general proposition that in the ulcerative endocarditis of man, as well as in the endocarditis of the erysipelatous pig and the inoculated rabbit, the valve is infected from its surface inwards, whilst in rheumatic carditis the endocardial inflammation begins in the depths of the valve and spreads towards the surface.
There are two other features of the endocarditis of swine erysipelas that should intereet the student of comparative pathology. First, there is the long period of latency. This is very like what we see in certain types of ulcerative endocarditis in man. Months of vague ill-health may elapse before there is the smallest hint of the presence of an endocardial infection. There may be almost no sign of valvular disease. Yet at autopsy we find, to our surprise, great warty masses clinging to the valves and grossly distorting them. Secondly, it is clear that in the pig, as in the inoculated rabbit, the endocardium is attacked in only a small percentage of the animals into whose general circulation the infecting micro-organisms enter. That this is so in man also is certain. In pneumonia, for example, the pneumococcus gains a hold on the valves in only a small proportion of cases; and again, if we contrast the extent of the area of mucous membranes in the body that are continuously infested with streptococci, with the infrequency of progressive streptococcal endocarditis, we must believe that the valves accept invasion by streptococci in a few only out of the many chances offered to them. There is plenty of evidence to show that successful implantation and colonization of organisms on the surface of the human valve are largely contingent on the existence of certain predisposing conditions of the valve itself, and of the general economy. It would be interesting to know whether analogous conditions are discernible in the pig. For example, are there congenital malformations of the valves similar to those that, in the human subject, are known to lay the endocardium open to infection ?
Indeed, the chief purpose of this short exposition has been to collect information rather than to impart it. We want to learn as much as we can about the cardiac infections of the lower animals, and we are grateful to this Section for giving us so excellent an opportunity for making our desires known.
Discussion.-Captain S. R. DOUGLAS said that in the course of examinations of streptococci of various strains he had discovered that the Streptococcus viridans, though found in very small numbers in the blood, was very resistant to phagocytosis in vitro.
Professor G. H. WOOLDRIDGE observed that outbreaks of swine erysipelas were not so uncommon as was thought at one time. The infection might linger on in animals which had recovered but thus became carriers; for example, a sow might herself recover, yet subsequently infect some of her own litter. He also remarked on the absence of the disease in the United States.
